Malignant mesenchymal neoplasms of the pancreas are rare and malignant islet cell tumors with sarcomatous dedifferentiation are rarer still. We present a case of malignant islet cell tumor with sarcomatous differentiation, which to our knowledge is only the second reported case showing such a combination of morphologic features. Clinically, the neoplasm was not hormonally active and immunohistochemical staining was negative for gastrin, glucagon, insulin and somatostatin. The sarcomatous component strongly reacted with an antibody directed against vimentin, and a minority of cells stained strongly with antisera directed against desmin and smooth muscle actin. Primary sarcomas of the pancreas are rare (1-7), with fewer than a dozen leiomyosarcomas and a single liposarcoma being reported in the English language literature. Rarer still are malignant islet cell tumors with sarcomatous differentiation. Only a single case report of such a combined neoplasm has to our knowledge appeared in the English language literature (8).
Primary sarcomas of the pancreas are rare (1) (2) (3) (4) (5) (6) (7) , with fewer than a dozen leiomyosarcomas and a single liposarcoma being reported in the English language literature. Rarer still are malignant islet cell tumors with sarcomatous differentiation. Only a single case report of such a combined neoplasm has to our knowledge appeared in the English language literature (8) .
The histomorphologic spectrum of carcinoid tumors is wide with glandular morphologies, papillary structures, oncocytic changes, squamous and osseous metaplasia and spindle cell patterns being recognized (9 -14) . The spindle cell pattern described by Rosai et al. (14) appears to be unrelated to the sarcomatous changes seen in our case and that described by Ferreiro et al. (8) . We report a case of pancreatic carcinoid (islet cell tumor) with focal myosarcomatous differentiation, which is to our knowledge only the second such case reported in the English language literature.
CASE REPORT
The patient, a 61-year-old Caucasian female, was followed at the University of Utah for gastroesophageal reflux of long duration controlled by Prilosec. An ultrasound of the abdomen was obtained 3 months before admission to investigate the patient's complaint of vague abdominal pain. A lesion was visualized around the liver, and endoscopy was performed, which revealed a Barrett's esophagus without dysplasia. A follow-up CT scan demonstrated a 10 cm heterogenous mass in the tail of the pancreas ( Fig. 1 ) and three lesions in her liver. The patient's clinical history was otherwise unremarkable except for back pain, most noticeable when lying in bed. Physical examination failed to reveal icterus or lymphadenopathy. The patient underwent exploratory laparotomy with intraoperative biopsy and frozen section of the largest of the liver lesions. Frozen section revealed a hemangioma, and the pancreatic mass was then resected. The postoperative course was unremarkable, and no metastatic lesions have been detected in the immediate postoperative period.
METHODS
Representative tissue sections were taken from the specimen, fixed in 10% neutral buffered forma-lin, paraffin embedded, and then stained by the hematoxylin and eosin method.
Immunohistochemistry was performed on dewaxed paraffin sections. Immunohistochemical stains for cytokeratin AE1/3, CAM 5.2, insulin, glucagon, chromogranin, gastrin, somatostatin, CD34, Factor VIII, smooth muscle actin and topoisomerase II were performed. Table 1 lists the sources of the antibodies and the dilutions used.
PATHOLOGY
The resection specimen was composed of a large ruptured pancreatic mass measuring 11.0 ϫ 9.0 ϫ 8.5 cm attached to a 10.0 ϫ 7.0 ϫ 2.5 cm portion of the tail of the pancreas. Also included in the specimen was an adrenal gland, the spleen and a 15.0 ϫ 5.5 ϫ 3.0 cm portion of the omentum. The mass was a lobulated structure covered by a loose connective tissue capsule. Cross sectioning of the mass revealed a well-circumscribed white mass with focal areas of calcification and extensive cystic degeneration and hemorrhage. The surrounding organs were unremarkable.
Histologic sections revealed the majority of the neoplasms to have an insular pattern composed of nests of small uniform polygonal cells with an eosinophilic granular cytoplasm. The cell nests were surrounded by a fibrovascular stroma frequently showing dense collagenization (Fig. 2) . The individual cell nuclei were relatively uniform in size and shape with smooth nuclear membranes and a granular (salt and pepper) chromatin pattern. Small nucleoli were present. Mitotic activity was scant. No evidence of differentiation toward a trabecular or tubular pattern was seen. This islet cell component presented a pushing margin abutting the surrounding uninvolved pancreas (Fig. 3) .
Immunohistochemical staining for chromogranin demonstrated that the majority of cells decorated with this antibody (Fig. 4) . Stains for gastrin, glucagon and somatostatin were all negative.
In one area of the tumor, a spindle cell component was identified (Fig. 5 ). This component was characterized by large spindle-shaped cells with enlarged hyperchromatic nuclei. These cells lay in poorly formed bundles or more frequently formed a "patternless" pattern. The nuclei were cigar-shaped with irregular nuclear membranes and relative clearing of the chromatin pattern. Small but distinct nucleoli were frequent.
Mitotic figures including atypical forms were common. The spindle cells irregularly infiltrated the surrounding nests of polygonal cells and extended along the fibrovascular septae of the islet cell component. Immunohistochemical stains for smooth muscle actin and desmin (Fig. 6) were strongly positive within a minority of the spindle cell component. Immunohistochemical stains for muscle specific actin, keratins AE1/3 and CAM 5.2, Factor VIII and CD34 did not decorate the neoplastic cells. Topoisomerase alpha II revealed a high labeling index of 41% (Fig. 7) . The topoisomerase stain revealed that the atypical spindle cell component extended into the fibrovascular connective tissue separating the nests of the islet cell tumor (Fig. 8) .
DISCUSSION
Primary sarcomas of the pancreas are relatively rare but have been well described within the literature (1-7). The majority appear to be leiomyosarcomas but liposarcomas have also been reported (1-7). True carcinosarcomas have been reported at a variety of sites including the bladder (15, 16), uterus (17, 18) , and lung (19) . Similar tumors showing a mixture of adenocarcinomatous and sarcomatous components do not appear to have been reported in the pancreas. However, a mixed tumor composed of a malignant islet cell tumor and rhabdomyosarcoma has been previously reported in the pancreas (8) . The case reported by Ferreiro et al. (8) demonstrated a mixture of islet cell tumor and a sarcoma, which by light microscopy had the features of rhabdomyosarcomas. Although they were unable to demonstrate unequivocal cross-striations by ultramicroscopy, the sarcomatous component was desmin positive and Z-lines with thick filaments were seen on electron microscopy. We were unable to perform ultramicroscopy on our example but immunohistochemistry demonstrated positive staining for desmin and smooth muscle actin consistent with a myogenous sarcoma. In the case reported by Ferreiro et al. (8) , the neoplasm showed a transition from a traditional islet cell tumor to a small cell undifferentiated carcinoma to an area of rhabdomyosarcoma. Our case did not show such a transition, but rather the sarcomatous component presented as small discrete nodules and as an infiltrative process surrounding individual nests of islet cell tumor.
Several possible explanations exist for the occurrence of carcinosarcomas, including a collision tumor in which a distinctly separate carcinoma collides with a sarcoma resulting in a grossly single mass with two discrete entities. This possibility appears unlikely in our case, as well as in that reported by Ferriero et al. (8) , because our example demonstrated an intimate admixture of the sarcomatous and neuroendocrine components. The previously reported case demonstrated a transition between classic islet cell tumor and sarcoma via undifferentiated carcinoma.
A second possibility is that the sarcomatous component is in reality a spindle cell carcinoma simulating a myogenous sarcoma. Arguing against this hypothesis is the clear demonstration of desmin and smooth muscle actin in many of the neoplastic cells of our case. This makes it highly unlikely that the spindle cell component is carcinomatous in nature.
A final possibility in the present case is that the myogenous component represents entrapped muscle. However, the clearly anaplastic nature of some of the cells as well as the high topoisomerase levels within these same cells supports a true sarcomatous differentiation.
Of interest is the observation that both our case and that previously reported (8) showed myogenous differentiation within the sarcomatous component. In addition, the majority of primary pancreatic sarcomas have been leiomyosarcomas (1) (2) (3) (4) (5) (6) (7) . This suggests that mesenchymal malignancies arising within the pancreas may have a proclivity toward myogenous differentiation. We are unable to proffer an explanation for this observation.
Although our case did not present with metastatic disease, foci of lymphatic and vascular invasion were recognized within the tumor. Our follow-up period is too short to assess long-term prognosis. The previously reported combined malignant islet cell tumor and rhabdomyosarcoma demonstrated widespread metastases at the time of recognition, and the patient continued to suffer from hypercalcemia despite chemotherapy and operative debulking. The patient was alive at the time of the case report. The prognosis of our patient must remain guarded due to the presence of lymphovascular invasion and the high topoisomerase labeling index within the sarcomatous component of the neoplasm. Topoisomerase is a marker of the cell cycle and high labeling indices are generally associated with an aggressive course. The true prognosis of these rare combined islet cells tumors/ myosarcomas await the recognition and long-term follow-up of additional cases.
In conclusion, we report the second case of myosarcomatous differentiation in an islet cell tumor. This example and the previously reported one expand the morphologic spectrum of islet cell tumors of the pancreas. Because of the short-term follow-up in both our case and that reported by Ferriero et al. (8) , we are unable to speculate on the long-term prognosis of these mixed tumors. 
